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Objective: To determine the safety and efficacy of us- 
ing porous high-density polyethylene (PHDPE) in the re- 
pair of orbital defects. 

Design: Retrospective case series. 

Setting: Academic tertiary care trauma center. 

Patients: One hundred seventy patients with orbital de- 
fects requiring surgical repair. 

Intervention: Orbital defect repair with PHDPE. 

Main Outcome Measure: Our review documents sur- 
gical results and complications associated with the. use 
of PHDPE. 



Results: There was a 6.4% complication rate associated 
with the use of PHDPE. The infection rate was 1.8%. The 
persistent orbital malposition rate was 3.5%. The extru- 
sion rate was 0%. 

Conclusions: This report represents the largest case se- 
ries in the literature using PHDPE for orbital reconstruc- 
tions. The use of PHDPE resulted in a low complication 
rate and excellent functional and cosmetic reconstruc- 
tive results. Because of our success with the use of 
PHDPE, we have changed our clinical practice to mini- 
mize the use of autologous graft material, thereby elimi- 
nating donor site morbidity in cases involving orbital 
reconstruction. 

Arch Otolaryngol Head Neck Surg. 2005;131:446-450 



Author Affiliations: 
Departments of Otolaryngology, 
University of Washington, 
Seattle (Drs Lee, Maronian, 
Most, and Whipple); 
Harborview Medical Center, 
University of Washington 
(Drs McCulloch and Stanley); 
and University of California at 
Davis, Sacramento (Dr Farwell). 
Financial Disclosure: None. 



o 



RBITAL FRACTURES MAY 

result in globe malposi- 
tion and restriction of 
ocular movement, caus- 
ing diplopia and impair- 
ing vision. Reconstruction of orbital wall 
defects is required to maintain globe po- 
sition and unrestricted ocular motility in 
cases involving large defects or entrap- 
ment of orbital tissue. Autograft materi- 
als have been shown' to be a reliable 
method for repairing orbital defects. Au- 
togenous implants, particularly cranial 
bone and nasal septal cartilage, have been 
advocated because of their resistance to the 
infections that can be caused by long- 
term exposure to organisms of the para- 
nasal sinuses. However, harvesting autog- 
enous grafts increases operative time and, 
depending on the graft location, is associ- 
ated with the potential of serious donor site 
morbidity. Adapting these relatively flat and 
inflexible grafts to the complex contours of 
the orbit without compromising their in- 
tegrity may also prove difficult. 

Alloplastic materials also have been 
used to reconstruct orbital defects. 1 Allo- 
plastic materials are easier to mold into the 



desired shape, but their use in orbital re- 
construction has the potential for in- 
creased risk of infection. Implant migra- 
tion may require implant removal. Of the 
many alloplasts that are available, we have 
increasingly used porous high-density 
polyethylene (PHDPE) (Medpor; Porex 
Surgical Inc, College Park, Ga) to repair 
orbital defects. Porous high-density poly- 
ethylene is a nonreactive material that al- 
lows vascular and soft tissue ingrowth, 
which is thought to enhance stabiliza- 
tion of the implant and promote resis- 
tance to infection. Our goals were to docu- 
ment and analyze any complications 
directly related to the use of PHDPE that 
required revision surgery and to estab- 
lish guidelines for the use of this alloplas- 
tic material in orbital reconstruction. 



METHODS 



We performed a retrospective review (institu- 
tional review board No. 03-9315-E 01, Hu- 
man Subjects, University of Washington, Se- 
attle) of 170 cases in which PHDPE was used 
for the reconstruction of orbital defects at Har- 
borview Medical Center, Seattle, from March 
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1998 to October 2003. All patients underwent an ophthalmo- 
logic examination before surgery, the extent of which de- 
pended on the patient's neurologic status. We examined the 
size, location, and cause of the defect; the preoperative signs 
and symptoms; the procedure performed; the type and num- 
ber of PWDPE implants used, and the postoperative outcomes. 
Patients who did not undergo a follow-up examination at least 
6 weeks after their surgery were not included in the study. 



RESULTS 



Porous high-density polyethylene was placed into 190 
orbits in 170 patients. One hundred sixty- five patients 
(97.1%) were treated for traumatic injuries, 12 (7.3%) 
of which were delayed reconstructions (>6 weeks from 
time of injury). The remaining 5 patients (2.9%) under- 
went tumor extirpation that resulted in a bony orbital 
defect. Of the 165 patients with traumatic injuries, 80 
(48.5%) had an orbitozygomaticomaxillary fracture or a 
Le Fort 11/111 fracture variant. Fifty patients (30.5%) had 
an isolated orbital floor injury, while the remaining 35 
patients (21.2%) had panfacial or bilateral fractures. Fifty- 
six (33.9%) of the patients with traumatic injuries pre- 
sented with acute or delayed enophthalmos, 84 (50.9%) 
presented with restriction of ocular movement, and 30 
(18.2%) presented with both enophthalmos and restric- 
tion of ocular movement. Twenty-two patients (13.3%) 
had normal results on their ocular examination but had 
evidence of involvement of more than 50% of the or- 
bital floor on computed tomographic scans. Twenty- 
eight patients (17%) could not be fully examined be- 
cause their neurologic status precluded an accurate 
assessment of ocular motility (forced duction testing was 
not performed). All 5 patients with tumors exhibited signs 
of proptosis and limited ocular motility. 

One hundred forty defects (73.7%) involved the infe- 
rior orbital floor, 35 (18.4%) the medial orbital wall, 14 
(7.4%) the lateral orbital wall, and 1 (0.5%) the superior 
orbital wall. In 35 patients (20.5%), PHDPE was used to 
repair orbital defects that encompassed more than 1 or- 
bital wall. The majority of the inferior, medial, and lateral 
orbital wall defects were approached through a transcon- 
junctival incision. Endoscopic-assisted repair of inferior or- 
bital floor defects through a Caldwell-Luc approach was 
successful in 20 (87.0%) of 23 patients (Figure I and 
Figure 2). A transconjunctival approach was success- 
fully used for placement of the implant in the cases in which 
the endoscopic attempt at repair failed. Medial orbital wall 
fractures that were inaccessible through a transconjuncti- 
val approach were repaired via multiple other ap- 
proaches, including 1 transcaruncular approach and 2 Lynch 
incisions, while the remaining orbital defects were ap- 
proached through a coronal incision for panfacial trauma 
or existing lacerations. The superior orbital roof implant 
was placed via a Lynch incision. 

All patients had been given preoperative steroids (dexa- 
methasone, 10 mg) and a broad-spectrum antibiotic. In 
all, 205 implants were used to repair 190 orbital defects. 
None of the implants were soaked in antibiotic solution 
before insertion. One hundred forty implants were single- 
sheet nonchanneled PHDPE: 90 (39.8%) were 0.4 mm 
in thickness, 50 (24.8%) were 0.85 mm in thickness, and 




Figure 1 . Endoscopic approach depicting isolation of orbital defect before 
placement of porous high-density polyethylene (Medpor; Porex Surgical Inc. 
College Park, Ga) implant. 
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Figure 2. Successful placement of porous high-density polyethylene 
(Medpor; Porex Surgical Inc, College Park, Ga) implant to repair inferior 
orbital defect via endoscopic approach. 




Figure 3. A 1.0-mm titanium miniplate in single-channel porous high-density 
polyethylene (Medpor; Porex Surgical Inc, College Park, Ga) implant before 
implantation. 

14 (6.8%) were 1.0 mm in thickness. Thirty-nine im- 
plants (24.0%) were single-channel PHDPE implants (0.85 
mm in thickness) (Figure 3 and Figure 4), and 12 
(9.0%) were multichannel PHDPE implants (2.3 mm in 
thickness). The majority of the surgeons did not use any 
form of fixation for the nonchanneled implants or close 
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Figure 4. Single-channel porous high-density polyethylene (Medpor; Porex 
Surgical Inc. College Park, Ga) implant cantilevered off left inferior orbital rim 
to repair inferior orbital defect viewed superiorly. 



the periosteum of the orbital rim after placement of the 
implant. One surgeon placed a single screw anteriorly to 
hold the implant when a channeled implant was not used 
and closed the periosteum over the implant when pos- 
sible. One-millimeter titanium plates (Synthes, Paoli, Pa) 
were used to cantilever the channeled implants from the 
orbital rim. 

The average length of follow-up for all patients was 
7.4 months. Complications were noted in 11 (6.4%) of 
the 170 patients. One case of blindness resulted from a 
retrobulbar hematoma due to uncontrolled hyperten- 
sion, despite an emergent canthotomy, removal of im- 
plant, and evacuation of the hematoma. The displace- 
ment of 2 implants (both 0.4 mm in thickness, unfixed, 
and placed through a modified transconjunctival ap- 
proach) resulted in obstruction of the maxillary ostia, 
causing maxillary sinusitis. The implants were re- 
moved, with no further sequelae. Interestingly, neither 
of the patients involved had any evidence of enophthal- 
mos. There was 1 case of an infected single-channel im- 
plant (with a 1.0-mm titanium miniplate placed through 
a standard transconjunctival approach), with an orbital 
abscess requiring removal and drainage. There were 7 
cases of persistent enophthalmos after primary repair that 
required revision. Three of our patients with persistent ( 
enophthalmos were found to have slipped implants 
(2 single-channel and 1 nonchanneled) at the time of re- 
operation; replacing these implants in their anatomical 
position corrected the enophthalmos. One of the 3 pa- 
tients experienced a second trauma to'the surgical site a 
few weeks after his primary repair. The rest of our cases 
of enophthalmos were thought to be attributable to in- 
adequate re-creation of the posterior orbital volume, ci- 
catricial scarring, or orbital fat atrophy due to trauma. 
These cases of enophthalmos were corrected by medial 
and lateral augmentation of the orbital walls with PHDPE 
or by re-creation of the posterior convexity of the or- 
bital floor with stacked sheets of PHDPE. The rest of 
our patients had resolution of any enophthalmos and/or 
ocular movement restriction that had been present be- 
fore surgery. There were 3 cases of ectropion and 1 case 
of entropion, 2 of which required surgical revision. The 
single case of entropion occurred after a formal lateral 



canthotomy incision, while the other cases of eyelid 
malposition occurred after the modified transconjunc- 
tival approach. All of these cases involved nonchan- 
neled PHDPE. However, all of these cases had commi- 
nuted orbital rim defects that were repaired with 
titanium miniplates. 



COMMENT 



Medpor is formed by sintering small particles of high- 
density polyethylene to create strong, firm material that 
can be molded by hot water. It maintains its shape be- 
cause it does not disrupt the overall macromolecular struc- 
ture of the implant. Pore sizes range from 100 to 250 um 
(50% are larger than 150 um). This porous material al- 
lows fibrovascular ingrowth into the implant, prevent- 
ing capsule formation and promoting stabilization of the 
implant. 2 Foreign bodies have been shown to reduce the 
number of bacteria required to produce infection by a 
factor of 10 4 to 10 6 . 3 Recent studies have shown that be- 
cause of the increased fibrovascularization, PHDPE is more 
resistant to infection than another porous allograft ma- 
terial, expanded polytetrafluoroethylene. 4 Immediate in- 
fections are thought to occur more often with porous al- 
loplastic material because of the increased surface area 
associated with the porous material. However, the in- 
crease in surface area makes the implant more resistant 
to late infections because fibrovascularization of the im- 
plant allows increased immune response mediators at the 
site. 5 This fibrovascularization is evidenced by the abil- 
ity of computed tomography and magnetic resonance im- 
aging to show enhancement of PHDPE radiographi- 
cally. 6 Also, experimentally exposed porous polyethylene 
that has been invaded by fibrovascular tissue has shown 
the ability to support skin grafts and promote healing by 
secondary intention in rats. 7 The fibrovascularization not 
only protects the implant from infection but also pre- 
vents its migration. 8 Theoretically, speeding up the time 
for fibrovascularization may enhance the early stability 
of the implant as well as its resistance to infection. Au- 
tologous blood clot, epidermal growth factor, and basic 
fibroblast growth factor have been found to speed fibro- 
blast incorporation into the PHDPE implants after 2 weeks 
of implantation in rats. 9 " 11 

In our experience, PHDPE has been used to repair or- 
bital defects successfully, with a very low complication 
rate, and mosi-of the complications that did occur were 
not related to the implant itself. There was 1 case of or- 
bital abscess associated with the implant, but a titanium 
plate or devitalized tissue may also have been a source 
of infection. Considering that the majority of our im- 
plants were placed in the setting of exposed sinus con- 
tents, the rate of infection was remarkably low. We do 
not soak our implants in antibiotic solution, as some au- 
thors recommend. Maxillary sinusitis is common after 
midface fractures, 12 but when an implant has been placed, 
infected plates and/or slipped implants should be con- 
sidered as possible sources of nonresolving sinusitis. We 
can conclude that the use of PHDPE results in a very low 
rate of infection and that presoaking the implants in an 
antibiotic solution is unnecessary. 
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Table. Review of Porous High-Density Polyethylene 
for Orbital Reconstruction 
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One potential key to the use of PHDPE is to ensure 
fixation of the implant to avoid displacement, which may 
result in obstruction of the maxillary sinus oslia, globe 
malposition, restriction of gaze, or direct pressure on the 
optic nerve from posterior displacement. We have tran- 
sitioned our practice somewhat, using an increasing num- 
ber of the single-channel implants fixated to the orbital 
rim to ensure stability of the implant. Placing cantile- 
vered implants in the presence ol an orbital rim fracture 
requires planning to prevent the cantilevered plate from 
crossing the orbital rim fixation plate if at all possible. 
Overlapping the orbital rim plate with the cantilevered 
plate can result in the plates being more readily pal- 
pable and may cause destabilization of the microplate that 
is attached to the PHDPE implant. Placing a screw an- 
teriorly to fixate the implant is a useful technique, but it 
is not always possible, particularly if the rim is commi- 
nuted. Likewise, closing the periosteum over the rim may 
help secure the implant but also is not possible in every 
case. Multichannel implants are used when more than 1 
orbital wall is re-created, when 2-plate fixation is needed 
for implant stability, or when a very thick piece of po- 
rous polyethylene is required. The use of multichannel 
implants in this manner has been reported to be success- 
ful and has not been associated with an increased infec- 
tion or complication rate. 13,14 We, too, have not found 
an increased complication rate associated with multi- 
channel implants. We have had excellent results with- 
out fixation of the implant, presumably because of fibro- 
vascularization of the implant. We should note that none 
of our patients who had a successful endoscopic repair 
of an orbital floor defect have experienced postopera- 
tive complications due to a lack of fixation of the im- 
plant. Two of our patients with persistent enophthal- 
mos had displaced single-channel implants. Despite 
fixation of the implant to the anterior orbital rim, at least 
1 adequate posterior, medial, or lateral ledge is still re- 
quired to help support the orbital contents. It is likely 
that the implants were not adequately positioned dur- 
ing the initial operation. 

There have been other retrospective reviews that have 
examined the use of PHDPE for orbital defect repair 
(Table). 13 15 24 Porous high-density polyethylene has an 
extremely reliable track record in terms of infection. Our 
study does have some limitations. We did not formally 
measure enophthalmos with an exophthalmometer at the 
time of surgery. Correlating preoperative signs and symp- 
toms with postsurgical outcomes is difficult in patients 
with traumatic injuries because most of them undergo 
surgery within 2 weeks of their acute injury. Therefore, 
continued edema limited our ability to determine the ex- 
act degree of enophthalmos and restriction of eye move- 
ment. Also, the follow-up period for most of our pa- 
tients was relatively short. For complete assessment of 
the accuracy of re-creating orbital volume and preven- 
tion of enophthalmos, as well as resistance to implant ex- 
trusion and infection, longer-term follow-up is re- 
quired. We can state that when the acute swelling due 
to the procedure has subsided, our results have been ex- 
cellent, at least in the short term. 

In general, as a matter of personal preference we do 
not use PHDPE to re-create the medial orbital walls in 



cases of panfacial trauma involving the skull base with 
exposed dura. Despite repair of the skull base defect with 
a pericranial flap, the proximity of the implant to the dura 
and paranasal sinuses concerns us. In such cases, a coro- 
nal flap is almost always indicated and harvesting cra- 
nial bone graft is easily performed. We also prefer to use 
cranial bone graft for reconstruction of our significant 
temporal and orbital defects after sphenoid wing or or- 
bital tumor resections with exposed dura or brain. 

In conclusion, porous high-density polyethylene is a 
safe and effective tool for use in craniomaxillofacial 
reconstruction. Overall, it is an excellent alternative to 
autogenous grafts, and its use results in decreased op- 
erative time and morbidity. In our series, the infection 
rate was very low and there were no problems with ex- 
trusion. 
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